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display or the nature of the suspension, or 
both, but the ecus must be at least greater 
than the dimensions of the particles of 
clectrophoretic material in the suspension. 
5 By dividing the suspension layer into a 
plurality of cells or units a more uniform 
or sharply defined display can be produced 
because movement of the clectrophoretic 
material is confined to the limits of each 
10 cell. Suspension material in dilfcrent cells 
of the same assembly may emit light of 
different colour. The suspension units are 
preferably disposed between electrodes, one 
of v/hicli has a plurality of segment elec- 

15 trades as showu at E u E*. in Figure 

12b corresponding to and in contact with 
the suspension in the individual cells, the 
other electrode being transparent and ex- 
tending over the transparent wall 24 of the 
20 housing, also as sho^a-injJFigure 12b. If 
the cells arc very numerous, the electrode 
E,. E., Ej. etc. can be formed as dols. In 
this way, each cell with its portion of the 
suspension layer between an elect rede scg- 
25 ment and the common electrode forms an 
individually controllable picture element 
Each cell can be caused to produce a colour 
image by applying a direct village between 
the common electrode 28 and the selected 
30 segment electrode while the suspension layer 
units are exposed to radiation flux. 

One way to provide electrodes for a num- 
ber of such cells which are in an orderly 
pattern is to provide a first electrode struc- 
35 ture consisting of a plurality of strip elec- 
trodes parallel to each other and a second 
electrode consisting of a plurality of strip 
electrodes which are disposed at right angles 
to the strips of the first electrode, similar 
40 to the arrangement shown in Figure 7. The 
cell located at each intersection of a strip 
of the first electrodes and a strip of the 
. second electrodes can then be selectively 
activated, and can be used as a picture 
45 element The cells can then, by use of a 
suitable suspension, be arranged to emit 
different colour light, for example red light 
as at 50R. green light as at 50G. or blue 
light as shown at SOB in Figure 12c. The 
50 production of a suitable electric field by 
appropriate voltages impressed on the elec- 
trodes can be arranged to cause selected 
picture elements to reproduce a luminesc- 
ent coloured image on the display panel. 
55 A display panel for producing a colour 
image can be provided by using mosaic 
colour filters and a suspension capable of 
changing in shades of grey between Wack 
and white; areas of the transparent wall of 
60 the housing or the transparent electrode 
corresponding to each picture clement in a 
display panel of the type shown in Figures 
7 or 1 2b arc selectively coloured so that 
it acts as a colour filter, for example, for 
65 red, green or blue. However, a display 



device having at least three kinds of suspen- 
sions, that is red, green and blue, gives a 
better colour rendering, especially with re- 
spect to die brightness of die high lights, 
than can a panel with the mosaic colour 70 
filter on the transparent wall or electrode. 

A monogrammatic character display 
panel, similar io that described with refer- 
ence to Figure 6, can also be formed by a 
series of individual units each correspond- 75 
iug to one of the segmental electrodes 
shown. 

It is not necessary that the suspension 
layer should be defined by plane surfaces, 
and curved surfaces can be used. For ex- 80 
ample, in Figure 14, the suspension layer 
50 is enclosed in a housing consisting prin- 
cipally of two concentric cylinders 75 and 
76. The inner cylinder 75 carries an elec- 
trode ^79 -and cyhndeT76^a1r electrode -73 35 
attached thereto. Electrodes 79 and 73 are 
similar in nature to electrodes 52 and 53. 
The cylinder 75 can be constructed to en- 
close a gas such as, for example, argon or 
krypton and mercury capable of sustaining 90 
a gas discharge. WiUi die gases inenticiied. 
rilra-violet radiation, mainly at 2537A, is 
entitled if an electric field is applied to the 
gas in conditions to cause a suitable dis- 
charge 95 

The inner cylinder and the electrode 
attached to the outer surface of the cylinder 
are transparent to the radiation flux. The 
outer cylinder and the electrode on its inner 
surface are transparent to visible light A W0 
direct voltage from a voltage source 30 is 
applied between the electrodes so as to con- 
trol the spatial distribution of the clectro- 
phoretic material of the suspension and 
thereby the luminescent appearance of the W5 
device. The source 30 can supply not only 
the direct voltage but also said electric field, 
such as an alternating field for producing 
the gas discharge The inner, surface 101 
of the inner cylinder can have upon it a HO 
coating of fluorescent material to convert 
the light in the ultra-violet spectrum from 
the gas discharge into radiation in oUier 
parts of the spectrum. The device in Figure 
14 is useful as a fluorescent lamp, the colour U5 
of which can be changed by varying the 
intensity, duration time of application and 
thepolarity of applied direct voltage. 

the amount of eiectrophorctic material 
in a suspension medium or the thickness of 120 
the eiectrophorctic suspension layer is selec- 
ted, depending upon the opacity, luminesc- 
ent property or eiectrophorctic property of 
the clectrophoretic material, the range of 
colour change required in the device, "feasi- 125 
bility of the voltage soucc and so on. 

Siucc the display devices described are 
of the luminescent type, a'componerit of the 
suspension layer must be opaque with re- 
spect to the radiation flux and /or visible 130 
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d tue sicu"^ ■ " .--j f or a oiven ana mc aluminium r.uw «»x™. -» — 

phorctic material rcqu red for ^ sinusoidal alternating voltage 

colour change. ^^^^-^s^y of 250V at 1 kHz was applied between he 

pension layer in practical devices * "suany cIcctrodcs , die suspension layer emitted 

in the range from a few microns to a lew wo oc. ^ ^ EQ ^ 

10 mm. t c When the sinusoidal voltage was applied 7:> 

The following are examples of suitao : e beUWi|l the lw0 electrodes after application 

material of a direct voltage pf reverse polarity, the 

suspension laver was deep green. As men. 

F*AMPi.F I ~ i tioned above, the suspension layer in this 

E Ten grains of Cyanine green B i pgric* vi?iblc Kght when ultra- 80 

15 which is phlhatocyanme green supplied ^ of an a , tcrnating electric field 

Sppon Ink Chemical Industry Com- ^ tQ ^ jhc cell was useful as 

nany in Japan, were added to 100 r.U ot ^ ^ ffeea bnghl . 

^ oil -S^^i^wS -«« * Cd - - ^ :: - 

S^The green particles had negative f nu3resccil j pov vdcr partie =s 

So polarity in olive oil. ^2™* £ applied as EL-RI by Dainmpon Pamt 

a nuor^ccnt powder g£^ w j$uS.w Company in Japan, in a main body of an 

25 Company 

« * * t _ 



^t^^'bV^^ uUr^onic T-ibraiion to "prod* 



"'^T^Trf sheet No. 1000 

had a faint green colour wuen supplicd bv Uie Teijin Cor.ipany of Japan 

white light. The f ' VSadfv and dW and woven of polyester fibre was. coated 
had weak positive charge polan > to d ft , uinill ^ ccri 

not show any noticeable eU porous layer. The porous layer omitted I red 



30 



35 




to produce a tnird paste, i «<- »rc P» fluorescent powder particles as used m Ex- 
was placed- between ^ aluminiom plau ^ ^ rf pyl 
and an EC glass desuode sf J° Procu.c, a v ^ fe an uttiasomc 
himlueKsni elwtrophoreuc wswnsgn la,, a ca,o suspe ns on. ITie 



90 



95 



100 



105 



catnooe aim ^ * f . susncns ion The housing was maae uquw-uu.^ ^ 

50 the luminescent colour of the suspend. dfa j a ^ t- When the suspension 

layer changed and ^ c * *™ ^p^rf, through the EC glass efce- 
When the polarity of the appj tTode , [ 0 ultra-violet light from a black 

was reversed the colour of Mhe ^P^ l ° n ™ • hs suspension layer enutted 

layer became deep grecr, l Jhc ^o W , i2 & W hen a direct voltage of 25V 

55 grin, colour of tte SUSP"*™ was applied between the EC glass electrode . 120 

be changed « brl ^. m f? n b * Sty of as anode and the aluminium plate as cath- 

voltagc. tirne of a «^^5jS^m ode. the lumi.KScent colour of the suspen- 

the applied voltage. The doplajea co our ^ undcf ultfa . vlolct , lght . 

. could be maintamed a fter *e^^™ 0 ^ ^plication of"a direct voltage of reverse 

60 the applied field ^J^^Zm polarity between the EC glass electrode and 125 

characteristic of the s ^™SicVtion we aluminium plate changed the luminesc- 

also change its green colour onapP««^ ^ f l , hc s f lspsnsi on layer from 

n? a direct voltage, when viewed unoer <- . A sinusol< ial 
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alternating voltage of 150 V and 60 Hz 
was half -wave rectified by a rectifier so as 
to produce repeated unidirectional pulses of 
voltage and when this pulse voitage was 

5 applied between the EC glass electrode and 
the aluminium plate, the suspension layer 
emitted electroluminescent orange light 
when Hie EC glass electrode was the cath- 
ode and green light when the glass was the 

10 anode. 

The device of this example was useful 
as an electric colour changeable panel cap- 
able of being altered in colour from green, 
through yellow, to red and vice versa tinder 

15 excitation by ultraviolet iigjit 

Attention is directed to our co-pending 
Applications 19611/70 and 19612/70 (Serial 
Nos. 1313.412, U13.413) which contain 
claims directed respectively to devices and 

20 to methods of opcrating^lc^iccs utilizing 
eleetrophoretic movement" 

WHAT WE CLAIM IS:— 

1. A display device comprising a layer, 
including a luminescent material, the lumi- 

25 ncscent appearance of the device being 
controllable by eleetrophoretic movement of 
an eleetrophoretic material in said layer. 

2. A display device in accordance with 
claim 1, wherein said eleetrophoretic ma- 

30 teriai is luminescent 

3. A display device in accordance with 
claims 1 or 2, and comprising a luminesc- 
ent non-electrophoretic material. 

4. A display device comprising a layer 
35 including a suspension medium and at least 

one material in a form susceptible of elee- 
trophoretic mobility suspended in said 
medium, at least one of the components of 
said layer being luminescent material, and 

40 at least one of the components of said layer 
being substantially opaque to the radiation 
which excites the luminescence or to visible 
light emitted by the luminescent compon- 
ent, said suspension being bounded by op- 

45 posed surfaces, spaced electrodes positioned 
with respect of said surfaces whereby on 
applying an electric field across said layer 
between said electrodes, the spatial distri- 
bution of said eleetrophoretic material be- 

50 tween said surfaces is dectrophoreticalTy 
changed whereby to change the* luminescent 
appearance of said device. 

5. A display device in accordance with 
claim 4, wherein said surfaces are generally 

55 parallel. 

6. A display device in accordance with, 
claim 5, wherein electrodes are positioned 
to impose on said suspension a field which 
is substantially at right angles to the said 

60 surfaces. 

7. A display device in accordance with 
claims 4, 5 or 6, wherein at least one 
electrode is positioned on one of said sur- 
faces. 



8. A display device in accordance with 65 
any of claims 4 to 7 wherein a wall mem- 
ber defining at least one of said surfaces is 
transmissive to energy for exciting said 
luminescent material. 

9. A display device in accordance with 70 
any of the preceding, claims, wherein said 
luminescent material is capable of being 
rendered luminous by electromagnetic radi- 
ation. 

10. A display device in accordance with 75 
claim 9. wherein said radiation is in the 
non-visible spectrum. 

11. A display device in accordance with 
claim 10, wherein said radiation is in the 
ultra-violet range. 80 

12. A display device in accordance with 
any of the claims 4 to 8. wherein said 
radiation is energy from a radioactive 
source. _ _ • _ — . 

13. At display device in "accordance with 85 
claim 12, wherein said source is an em- 
bodied part of said display device. 

14. A display device in accordance with 
claim 13, wherein said source is in said 
suspension. 90 

15. A display device in accordance with 
claims 12, 13 and 14, wherein said energy 
is radiation from a radioactive isotope of 
radium, strontium 90, tritium or promc- 
thiura 147* 95 

16. A display device in accordance with 
any of claims 4 to 15 comprising means 
for applying a voltage between said elec- 
trodes. 

17. A display device in accordance witli ioo 
claim 16, and comprising means for im- 
pressing an alternating electric field on said 
layer. 

18. A display device in accordance with 
claim 16, and comprising means for im- 105 
pressing a repetitive <mi-directional pulse 
field on said layer. 

19. A display device in accordance with 
any of claims 4 to 18, wherein at least said 
eleetrophoretic material is luminescent HO 

20. A display device in accordance with 
any of the preceding claims and comprising 
at least two eleetrophoretic materials, which 
differ in charge polarity. 

21. A display device in accordance with 115 
any of claims 1 to 19. and comprising at 
least two eleetrophoretic materials, which 
differ in eleetrophoretic mobility. 

22. A display device in accordance with 
any of the preceding claims, and comprising 120 
at least two eleetrophoretic materials which 
differ in luminescent properties. 

23. A display device in accordance with 
any of claims 4 to 22 wherein said suspen- 
sion medium is luminescent 125 

24. A display device in accordance with 
any of claims 4 to 23, and comprising a 
porous layer inserted in said suspension 
medium. 
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- » — — — 

____ T! ~c .u; mc a. to 35 wherein at least one 

05 A displaydwice in accordance with any fa j ormed „ a scries of 

claim 24 Sin said poious layer is bum- jj^^ectrodes disposed on a com- 

"^TV displav device in accordance with mon . dcvicc in accordance with 

anfof cTafmsVto 25. tT^Jdtte claim 37. whSn said electrode is formed 

dSi further contains a binder J« a* 1 ^ 'a series of substantially parallel stnps of 

"ITa display device in f£& ofsuSam fig^M 

anv of claims 4 to 26. wherein said suspen- WW ^ a *, d m ^ cli!A . 

S mSm « a hardcnatolc material. str^s ° A e d % , ay devicc in accordance with 

% A display device in accordance w rth <w a g y ^ of t 

claim 27. wherein said suspension medium ctaunsrf disposed subslanUally 

iS g* AdiSfd-teta accorda-ce with at right an^ ^ ^ 

any of claims 4 to 26 vmcrem sa.d suspen- 41. A > ^ to dclm c 

ston medium is heat softenaWe. individual bodies of suspension pertaining 
Sl m A display devicc >£~$^j£. Tid controllable- by »d independent 

iSr« Wd » ^ A display device in accordance with 

rion and means for controUing said electric 41 A fflsgay individual bodies of 

field ai totality and/or duration and/or ^J^™ w diffcront luminescent prop- 
erties. 
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32. A display acvi«= •« - — - - . , u or iranspar< — 

35 *£ A display device = f ^ dlafmnt^oM^ 

C aScm^T?ranspari" ^Tdisplay device in accordance, with „ 

rSon inducing luminescence and the 4fc a a p ^ ^ ^ ^ ^ 

oiTe^trode and the other wall n trans- a «npjWng»»« 

40 parent to visible light accordancc wiui for producing a luminous electric dischar a e 

claim 33 A «" walls J5 X' Hsplay device in accordance with ,00 

oarent with respect to said energy or rada- 47 a P > ^ d ^ g 

C^toomdectitKteattashodto^. ^^ on Vli{h an electron beam dc- 

45 and the other of the wal Is is transparent m ' * the beam current of which is adapted 

43 wl respect to ^ S^oSS* the electric field existing across 

claim 32. wherein one *J°*£»*^f £ staktially as described, with reference to the 

50 -fl«*^" I 3LX^^*b accompanying drawmgs. 

f l A display device in accordance wi* ^TKf '' 

any of claims^ 4 to 35, wherem at least one ^humberland House. 

55 of said electrodes is in the shape of a oe 303/306 High Holborn. 

*^^7At?£i« cotton* London. W.C.I. 

Published a. The »«g«^eh ^pte may be obtamed. 
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(54) AN ELECTROPHORETIC SUSPENSION 



(71) We, THE PLESSEY COMPANY 
LIMITED, a British Company of 2/60 
Vicarage Lane, Ilford, Essex, do hereby 
declare the invention, for which we pray that 
5 a patent may be granted to us, and the method 
by which it is to be performed, to be particu- 
larly described in and by die following state- 
ment: — 

The invention relates to working fluids for 
10 electrophoretic image reproduction devices. 

According to the invention there is provided 
a working fluid for an electrophoretic image 
reproduction device including a dispersion of 
finely divided particles which exhibit electro- 
15 phoresis, suspended in a suspension medium, 
each of the said particles including a body 
of an inactive organic compound at least par- 
tially surrounded by a layer of a dielectric 
material which is adapted to collect the re- 
20 quired charge for effecting particle transporta- 
tion, wherein the body effects a density match 
between the suspension medium and the said 
particles. 

The said body can be impregnated with a 

25 dye, for example a fluorescent dye, which 
makes the body light reflective and with this 
arrangement the thickness of the dielectric 
layer would be arranged so that the layer is 
light transparent. Alternatively, the dielectric 

30 layer could be rendered light reflective, the 
said body being adapted to effect a density 
match between the suspension medium and 
the particle in both of these arrangements. 
According to a preferred feature of the 

35 invention, a working fluid as oudined in a 
preceding paragraph is provided which also 
includes within the said body a core of a light 
reflective material, the said body being of a 
light transparent material which is adapted to 

40 effect a density match between the suspension 
medium and the particle. The core is prefer- 
ably of magnesium although other suitable 
light reflective materials, for example hexa- 
gonal boron nitride and heavily-doped silicon 

45 could be used. Heavily doped silicon being 
silicon in which the Fermi level is degenerate 
due to the presence of impurity doping at 



levels above 10 19 atoms cm" 3 , (Phys Rev 96 
(1), 28—35 (1954). The said body can be 
of a polymer such as poly(acrylonitrile) or 50 
other organic compounds. 

The dielectric layer can be of titanium 
dioxide (Ti0 2 ) or other dielectric oxides such 
as SiO.. or Al 2 O a or hydrous forms of these 
oxides. 55 

The foregoing and other features according 
to the invention will be better understood from 
the following description with reference to 
drawings accompanying the Provisional Speci- 
fication, in which: 60 

FIGURE 1 diagrammatically illustrates an 
electrophoretic image reproduction device in 
a cross-sectional side elevation, 

FIGURE 2 diagrammatically illustrates in 
a cross sectional side elevation the structure 65 
of the electrophoretic particles of a working 
fluid according to the invention, and 

FIGURE 3 illustrates contours of reflec- 
tivity (at normal incidence) for the interface 
between a semi-infinite sheet of material with 70 
a refractive index n + ik and poly(acrylo- 
nitrile). 

An electrophoretic image reproduction 
device is diagrammatically illustrated in 
FIGURE 1 of the drawings in a cross-sectional 75 
side elevation and includes a working fluid 1 
enclosed in a housing 2 consisting of a hollow 
open-ended plastics container 3 closed at each 
end by transparent electrically insulating 
members 4 and 5, for example of glass, poly- 80 
ester, cellulose acetate, regenerated cellulose 
or polyethylene. Transparent electrodes 6 and 
7, for example, of cuprose oxide or tin oxide, 
are respectively attached to the inner surfaces 
of the members 4 and 5 and are in contact 85 
with the electrophoretic suspension medium 1. 

The working fluid 1 includes a dispersion 
of finely divided particles 16 which exhibit 
electrophoresis, suspended in a suspension 
medium la such as isopropyi alcohol or olive 90 
oil. The particles lb are shown gready en- 
larged for the sake of clarity but, in practice, 
it is thought that the particles lb must not 
be greater than 1/10 of the spacing between 
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the electrodes and 7. 

In operation, the electrodes 6 and 7 are 
connected to a direct voltage source (not illus- 
trated), the polarity of which can be reversed. 
In the absence of an electric field between 
the electrodes, the particles lb are, as is illus- 
trated in FIGURE 1, distributed uniformly 
throughout the suspension medium la. If, for 
example, the particles 16 are white and the 
suspension medium la is black, the working 
fluid 1 will, in the absence of an electric field, 
appear grey when illuminated by an incan- 
descent lamp. When the grey working fluid 
is subjected to a unidirectional electrical field 
as a result of the application of the direct 
voltage source to the electrodes 6 and 7, the 
particles lb are caused to move electro- 
phoretically in the direction either of the 
cathode electrode or the anode electrode de- 
pending on the polarity of their charge. If, 
for example, the particles lb acquire a nega- 
tive charge and the electrode 6 is the anode 
electrode, then the particles 16 will migrate 
towards, and will be deposited on the surface 
of, the electrode 6. Under these conditions 
spatial distribution of the particles lb in the 
suspension medium la will be different from 
the initial uniform distribution illustrated in 
FIGURE 1 and, therefore, the working fluid 
1 will have different optical reflectance pro- 
perties from those of the original working 
fluid illustrated in FIGURE 1. With the 
exampled working fluid given above, the 
electrophoretic image reproduction device 
will, under these conditions appear white at 
the surface 2a 'and black at the surface 2b. 
The colour appearing at the surfaces 2a 



ii 



and 2b of tfie image reproduction device of 
FIGURE 1 can be reversed by reversing the 
polarity of the voltage that is applied between 
the electrodes 6 and 7. 

The particles 16 used in the working fluid 
1, are, therefore, required to fulfil three quite 
separate functions in that the particles must 
be able to (a) scatter light efficiently, (b) 
match the density of the suspension medium 
la and (c) have a high mobility, which in 
turn means a high zeta potential. 
^ In a working fluid according to the inven- 
tion these three functions are fulfilled by 
utilising electrophoretic particles having, as 
is diagrammatically illustrated in FIGURE 
2 of the drawings in a cross-sectional side 
elevation, a three-layered structure. 

The function (a) will be effected by the 
core 8 which must, therefore, be formed from 
a lignt reflective material, the function ( b) 
will be effected by a layer 9 of a light, trans- 
parent plastics material which surrounds die 
core 8 and the function (c) will be effected 
by a layer 10 of a dielectric material which 
is formed on the surface of the plastics layer 

A list of materials that may be suitable 
for the core 8 are given in the following table. 
All the materials have a density value less 
than 3.0, the optical constants n and k refer 
to the complex refractive index n+ik and the 
optical constant R refers to material reflec- 
tivity and is given by the formula: 



R = 



(n-no) 2 + k 2 
(n + no) 2 + k 2 
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(via ten a l 


Material 
L/ensi ly 


Optical Constants 


n 


k 


(observed) 


B 2 S, 


1.55 




- 




Mg 


1.74 




2—4 




Be 


1.85 








Mg 2 Si 


1.94 


in— 5 




U. 5 j— U.OD 


A1A 


2.02 










2.06 








BP 


2.08 








BN (hex) 


2.25 










2.33 


3%-5 


U 


nil n /i c 


B 


' 2.34, 2.37 








BeS 


2.36 








B,0, 


2.46 


1.62 






Al 


, 2.70 




214-6 


(N/0.70 


MgjN, " 


2.71 








MgS 


2.84 


2.27 






AlP 


2.85 


3.4 
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The choice of a material for the core 8 is 
dependent on factors such as availability, ease 
of manufacture and cost. From the list of 
materials which is by no means exhaustive, 
the three materials that are easily available 
and ideally suited for the core of the electro- 
phoretic particles lb are magnesium, hexa- 
gonal boron nitride and heavily-doped silicon, 
i.e. silicon in which the Fermi level is 
degenerate due to the presence of impurity 
doping at levels above 10 19 atoms cm" 3 . 

The plastics layer 9 can be of a polymer 
such as poly(acrylonitrile) for which rio = 
1.51 and k 0 = 0. 

FIGURE 3 illustrates contours of reflec- 
tivity (at normal incidence) for the interface 
between a semi-infinite sheet of material with 
a refractive index n + ik and poly(acrylo- 
nitrile). The reflectivity contours for the core 
8/layer 9 construction of FIGURE 2 will be 
somewhat different to the contours of FIGURE 
3, but these contours a reconsidered to be 



adequate for first- order selection. 

It can be seen from FIGURE 3 that, for 25 
really high values of reflectivity, it is more 
important to have high values of k than of 
n and for this reason the preferred material 
for the core 8 is magnesium. 

In another working fluid according to the 30 
invention the three-layered structure of 
FIGURE 2 is replaced by a two-layered struc- 
ture, the layer 9 and the core 8 being replaced 
by a single body of an inert polymer or other 
organic compound which is surrounded by the 35 
dielectric layer 10 of FIGURE 2. 

The function (b) referred to in a preced- 
ing paragraph will be effected by the single 
body of the two-layered structure and the 
function (c) will, as with the structure of 40 
FIGURE 2, be effected by the dielectric layer. 

In one arrangement of the two-layer struc- 
ture, the single, body is impregnated with a 
dye, for example a fluorescent dye which 
makes the body light reflective and thereby 45 
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adapted to effeL*fte function (a) referred to 
in a preceding paragraph. With this arrange- 
ment the thickness of the dielectric layer would 
be arranged so that the layer is light trans- 
5 parent. 

In an alternative arrangement of the two- 
layered structure the function (a) is effected 
by the dielectric layer which would be of a 
thickness that substantially prevents light trans- 
10 mission therethrough. 

The single body of the two-layered struc- 
ture can be of either poly(acrylonitrile), or 
polyethylene, or poly(tximethylpentene). 

The dielectric layer which can be formed 
15 from titanium dioxide Ti0 2 , or other dielec- 
tric oxides such as Si0 2 , or A1 2 0 3 or hydrous 
forms of these oxides, must be such that suffi- 
cient charge can be collected for effecting 
particle transportation in the suspension 
20 medium la It is thought that it may not be 
necessary for the dielectric layer to be formed 
in a continuous layer. 

Since the dielectric layer will be deposited 
on a polymer during the production of the 
25 particles lb, it will be necessary, during de- 
position of the dielectric layer, to utilise low 
temperature, reactions such as die hydrolysis 
of isopropoxides or chlorides, for example, 

„ AI(OC3H;V + 3H 2 0 

JU -> Al(OH), + 3HOQH 7 

SiCI 4 + 2H 2 0 Si0 2 + 4HQ 

It is to be understood that the foregoing 
description of specific examples of this inven- 
tion is made by way of example only and is 
35 not to be considered as a limitation in its 
scope. 

WHAT WE CLAIM IS:— 
1. A working fluid for an electrophorecic 
image reproduction device including a disper- 

40 sion of finely divided particles which exhibit 
electrophoresis, suspended in a suspension 
medium, each of the said particles including 
a body of an inactive organic compound at 
least partially surrounded by a layer of a 

45 dielectric material which is adapted to collect 
the required charge for effecting particle 
transportation, wherein the body effects a 
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density matcnWIfcween the suspension medium 
and the said particles. 

2. A working fluid as claimed in claim 1 50 
wherein the said body is impregnated with a 

dye which makes the said body light reflective 
and wherein the thickness of the dielectric 
layer is arranged so that the layer is light 
transparent. 55 

3. A working fluid as claimed in claim 2 
wherein the dye is a fluorescent dye. 

4. A working fluid as claimed in claim 1 
wherein the dielectric layer is light reflective. 

5. A working fluid as claimed in claim 1 60 
which also includes within the said body a 
core of a light reflective material, the said 
body being of a light transparent material 
which i s adapted to effect a density match 
between the suspension medium and the par- 65 
tide. 

6. A working fluid as claimed in claim 5 
wherein the core is of magnesium. 

7. A working fluid as claimed in claim 5 
wherein the core is of either hexagonal boron 70 
nitride or silicon, in which the Fermi level 

is degenerate due to the presence of impurity 
doping at levels above 10 19 atoms cm" 3 . 

8. A working fluid as claimed in any one 

of the preceding claims wherein the said body 75 
is of either poly(acrylonitrile), or poly- 
ethylene, or poly(trimethylpentene). 

9. A working fluid as claimed in any one 
of the preceding claims wherein the dielectric 
layer is of either Ti0 2 , or Si0 2 , or A1 2 0 3} 80 
or hydrous forms of these oxides. 

10. A working fluid for an electrophoretic 
image reproduction device as claimed in claim 
5 substantially as hereinbefore described with 
reference to the drawings accompanying the 85 
provisional specification. 

11. A working fluid for an electrophoretic 
image reproduction device as claimed in claims 
1 to 4 substantially as hereinbefore described. 

12. An electrophoretic image reproduction 90 
device which includes a working fluid as 
claimed in any one of the preceding claims. 

R. NICHOLSON, 
Chartered Patent Agent. 
For the Applicants. 
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(57) Abstract 

An electro pboreric display device 
utilizes transparent spheres (16) whose di- 
ameter is similar to that of visible light in 
place of the conventional pigment parti- 
cles whereby to enhance the retro-reflec- 
tive effect of the device. The spheres (16) 
may be glass or plastics or a combination 
of both with a specific graviry similar to 
that of the suspension medium (15) in 
which they are contained. 
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- 1 - 

DISPLAY DEVICE 

The present invention relates to display 
devices and more particularly to electrophoretic or 
dielectricphoretic display devices. 

Electrophoretic display devices are known and 
5 a feature of these devices is that they are passive, i.e. 
.they do not emit li^ht rather they reflect or transmit 

* 

incident light - 

An object of the present invention is to . 
provide an electrophor ectic or dielectricphoretic 

10 display device with enhanced reflectance in the direction 
of il lure inat ion - 

In order that the present invention be more 
readily understood, an embodiment thereof will now be 
described by way of example with reference to the 

15 accompanying drawing vhich shows a cross-section through 
an electrophoretic display device* 

An electrophoretic display device 10 
comprises a non-conductive substrate 11 to which is 
applied an electrode 12 and an electrode 13 spaced from 

20 the electrode 12* The space between the electrode 12 and 
the electrode 13 is filled by a liquid 'material 15 
containing small particles l6. Vhcn an electric field is 
applied across the space by a voltage applied to the 
olcctrode 12 and electrode 13* the particles migrate to 

25 either the eicctrorio 12 or the olcctrode 13- Either or 



both of the electrodes 12, 13 can be an array so as to 
produce any des±r^d pattern depending on the disposition 
and shape of the or each array. 

In this embodiment, the device is designed 
for viewing in the direction of the arrow A in which case 
the electrode 13 will be formed of a transparent material 
and provided with a transparent protective cover 17- 

The particles l6 are specifically- selected 
for their reflective properties and it has been found 
that they should be optically transparent v in at least part 
of" the visible spectrum. Further, they should have a 
diameter similar to or larger than the wavelength of 
visible light, e.g. from 0.5 to 20 microns.. It is 
advantageous if they have a specific gravity similar 
to that of the liquid material so that th'ey exhibit 
neutral buoyancy in the liquid material and can move 
relatively easily under the action of* an electric field- 

These two desiderata point to glass* or plastics 
particles being used- A combination of glas^ and 
plastics is also possible such- as glass coated with 
plastics. The preferred plastics are polyamide, poly- 
imide, polyester, polypropylene or polycarbonate. 

Preferably the particles are spherical but 
may be either solid or hollow spheres. The refractive 
index of the material of the spheres should preferably 
be higher than that of the liquid material. Such 
particles are known to exhibit good reflectance in the 
direction of illumination. 

The electrophor etic activity can be enhanced 
by adding a surfactant to the liquid material and/or by 
forming electrets within the particles. 

The above construction may be used as* an 
addressable sign such as a road sign, a warning display 
or an information panel and has the additional advantages 
that dye absorption on reflective glass particles would 



be lower than absorption on conventional organic 
pigments- This provides increased perceived contrast. 
Also, chemical and light-induced degradation is lower 
Tor glass particles than for organic pigments. Thus, 
the life of the device would be increased* 

With glass particles, it may be necessary to 
process them so that they exhibit an electrophoretic 
effect, A numb er of processes are availabJLe such as 
exposing molten glass to an electrical discharge and 
cooling the glass to trap charged particles in the* 
glass matrix. Alternatively, glass at .room temperature 
could be exposed to ionising radiation such as cathode 
rays or X-rays to form charged* particles in the glass,. 
Both these processes form electrets but it is also 
possible to activate the surface of the glass particles 
chemically and then coat, the particles with long 
chain molecules to cause a charge to be present. 



CLAIMS: 



1 . A display device comprising spaced electrodes and 
electrophoretically active particles in a liquid suspension 
medium disposed between said electrodes, the particles 
having a refractive index greater than that of the 
suspension medium characterised in that the particles 

are transparent to light in at least pa'rt of the visible 
spectrum and 'have an external diameter similar to or larger 
than* the wavelength of visible light* 

• 

2. A display device according to claim 1, characterised 
in that the particles are spheres and are of glass or 
plastics materials or a combination thereof. 

3* A display device according to claim 1 or 2, -characterised 
in that the particles are hollow. 

4- A display device according to claim l,w2 or 3> 
characterised in that the particles have a specific gravity 
similar to that of the suspension medium^ 

5- A display device according to any one of the preceding 
claims characterised in that the particles include electrets 
to enhance the electrophoretic activity. 

6. A display device according to any one of the preceding 
claims, characterised in that the liquid suspension medium 
includes a surfactant to enhance the electrophoretic 
activity. 
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